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DISCHARGE MACHINING AFTER CASTING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of 
reducing the wall thickness of a turbine nozzle capable 
of improving yield of casting as well as reducing thermal 
stress. 

SOLUTION: For removing material 34 from an inner 
surface of a cavity 18 in a nozzle stationary blade 16 of 
a turbine, a process of electric discharge machining 
(EDM) is used after casting. A thin electrode 28 passes 
the inside of the cavity 18 between facing ends of the 
nozzle stationary blade 1 6 to move along a preset route 
along a nozzle inner wall for removing the material 34, so 
a wall thickness of the wall between the nozzle cavity 1 8 
and an outer surface of it is reduced. In another mode, 
an outline form body 42 is disposed in the cavity 1 8 in 
the EDM process using an outline form body 42 as an 
electrode, and it is advanced toward the wall till a final 
wall thickness is achieved to set the form of the inner 
wall surface to be complementary to a surface of the 
outline form body 42, thereby the material 34 is removed 
from the wall. 
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1. Title of Invention 

POST-CAST EDM METHOD FOR REDUCING 
THE THICKNESS OF A TURBINE NOZZLE WALL 

2. Claims 

1. A method of forming a thin-walled nozzle for a gas turbine wherein 
the nozzle (10) has a cavity (18) opening between radial inner and outer 
opposite ends of the nozzle, comprising the steps of: 

casting the nozzle containing the cavity; and 

removing cast material (34) along a post-cast interior wall of said cavity 
using an electrodischarge machining apparatus including an electrode (28, 42) 
to form a final interior wall surface, thereby reducing the thickness of the wall 
between an exterior surface of the nozzle and the final interior wall surface of 
the said cavity. 

2. A method according to Claim 1 including using a thin electrode (28) 
electrodischarge machining process to remove the cast material. 

3. A method according to Claim 2 including guiding the thin electrode 
along the interior wall of the cavity. 

4. A method according to Claim 1 wherein the cavity (18) lies adjacent 
a leading edge of said nozzle and removing the cast material along an interior 
wall of said cavity opposite said leading edge. 

5. A method according to Claim 1 wherein the electrode used in the 
electrodischarge machining process has a roughened surface (40) and 
applying the electrode to the interior wall to form a generally complementary 
roughened interior wall surface in said cavity. 

6. A method according to Claim 1 including using an electrodischarge 
machining apparatus having an electrode to remove the cast material wherein 
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the electrode has a roughened surface, and applying the electrode to the 
interior wall to form a generally complementary roughened interior wall 
surface in said cavity. 

7. A method according to Claim 1 wherein the electrodischarge 
machining apparatus includes a profile (42) , and including forming a surface 
(44) of the profile in conformance to a final contour of the interior wall surface 
of said cavity and applying the profile to the interior wall of said cavity to 
remove the cast material until the surface of the profile and the interior wall 
surface are substantially complementary to one another. 

8. A method according to Claim 7 including forming a roughened 
surface (50) on the profile surface and forming a complementary roughened 
interior wall surface of the cavity upon application of the profile to the 
interior wall. 



9. A method according to Claim 1 wherein the electrode used in the 
electrodischarge machining process is a thin electrode (28) having a 
roughened surface (40) and the cavity lies adjacent a leading edge of said 
nozzle, including the step of guiding the roughened thin electrode along the 
interior wall of the cavity opposite said leading edge to form a generally 
complementary roughened interior waU surface in said cavity. 

10. A method according to Claim 1 wherein the electrodischarge 
machining apparatus includes a profile (42), and including the steps of 
forming a surface of the profile in conformance to a final contour (48) of the 
interior wall surface of said cavity and applying the profile to the interior wall 
(46) of said cavity (18) to remove the cast material until the surface (44) of the 
profile and the interior wall surface (48) are substantially complementary to 
one another. 
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3. Detailed Description of Invention 

TECHNICAL FIELD 

The present invention relates to a method of using elec trod ischar ge 
machining apparatus for reducing the thickness of turbine nozzle walls and 
particularly to a post-cast operation using EDM apparatus to remove material 
from an interior wall of a cavity extending within and between opposite ends 
of the nozzle to reduce thermal stresses and improve casting yields. 

BACKGROUND OF THE INVENTION 

In gas turbine designs, axially spaced annular arrays of nozzles form the 
nozzle stages of die turbine and each array is comprised of nozzle segments 
arranged circumferentially about the axis of the turbine rotor. Each nozzle 
segment includes one or more vanes and inner and outer band sections 
preferably integrally formed of a cast material, for example, a nickel-based 
alloy. Cavities are cast in the nozzle vane(s) between the band sections for 
flowing a cooling medium to cool the nozzles. It will be appreciated that a 
temperature differential exists between the thermal medium flowing in the 
nozzle cavity and the hot gases of combustion flowing along the hot gas path 
of the turbine. That temperature differential causes ther mal stresses in the 
material of the nozzle. By reducing the wall thickness between the interior 
surface of the cavity and the exterior surface of the nozzle and particularly 
adjacent the leading edge of the nozzle, these thermal stresses caused by the 
temperature differentials can be minimized. Thin-walled investment castings 
for nozzles are, however, difficult to manufacture. Tolerance control, as well 
as material soundness are effected by the wall thickness. Generally, the 
thinner the wall, the more difficult it is to cast the nozzle, resulting in reduced 
casting yields. Accordingly, there has developed a need for a process for 
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reducing the wall thickness of turbine nozzles, which not only reduces 
thermal stresses but which also improves casting yields. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with a preferred embodiment of the present invention, there is 
provided a method of removing material from the interior wall of the turbine 
nozzle to reduce the nozzle wall thickness and hence the thermal induced 
stresses, while improving casting yields. Particularly, a post-cast 
electrodischarge machining process is used to remove material from the inner 
wall of the nozzle cavity. In a preferred embodiment the EDM process 
employs a thin electrode disposed within the cavity of the nozzle and 
movable along the interior wall of the cavity to remove material and hence 
reduce the wall thickness to a desired thickness. By performing this 
n^chining operation subsequent to casting the nozzle, casting tolerance 
control and material soundness are vastly improved, resulting in increased 
casting yields, while simultaneously the desired reduction in thermal stresses 
is obtained by the resulting reduced wall thickness. 

In another preferred embodiment of the present invention, an EDM process 
using an electrode in the form of a profile and a plunge cut can also be 
employed. In this embodiment a profile having a surface in conformance 
with a final contour of the interior wall surface of the cavity is applied against 
the interior wall of the cavity. As the profile is advanced against the interior 
cavity wait material is removed such that the surface of the profile and the 
interior wall surface become substantially complementary. The profile 
advance continues until the desired wall thickness is obtained. 

In both preferred embodiments, a roughened interior wall surface may also be 
formed. For example, protuberances may be formed on the electrode surface 
to provide a roughened thin electrode may be used whereby the movement of 
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the roughened electrode along the interior wall of the cavity forms a fined 
interior wall surface with a complementary roughened surface. The profile 
similarly may have a roughened surface such that the final contour of the 
interior wall surface of the cavity will be complementarity roughened 
similarly as the roughened surface of the profile. 

In a preferred embodiment according to the present invention, there is 
provided a method of forming a thin-walled nozzle for a gas turbine wherein 
the nozzle has a cavity opening between radial inner and outer opposite ends 
of the nozzle, comprising the steps of casting the nozzle containing the cavity 
and removing cast material along a post-cast interior wall of the cavity using 
an electrodischarge machining apparatus including an electrode to form a 
final interior wall surface, thereby reducing the thickness of the wall between 
an exterior surface of the nozzle and die final interior wall surface of the 
cavity. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 1, there is illustrated a nozzle segment, generally 
designated 10, having inner and outer band sections 12 and 14, respectively, 
adjacent opposite ends of a single nozzle vane 16. It will be appreciated that 
the illustrated nozzle segment forms one of a plurality of nozzle segments 
arranged in a circumferential array thereof about a rotor axis to form a nozzle 
stage of a turbine with the inner and outer band sections 12 and 14, 
respectively, forming portions of the inner and outer bands of the nozzle 
stage. Also, while a single vane 16 is illustrated between the inner and outer 
band sections 12 and 14, respectively, it will be appreciated that two or more 
vanes may be disposed between the band sections to form, for example, a 
vane doublet or triplet. As illustrated, the nozzle vane 16, as well as the inner 
and outer band sections 12 and 14, have internal cavities which extend the 
length of the vane. For example, as illustrated in Figure 1, a leading edge 
cavity 18 is illustrated forward of intermediate cavities 20, 22, 24 and a trailing 
edge cavity 26. While not forming a part of this invention, it will be 
appreciated that the cavities provide passages for flowing a thermal medium 
for cooling the inner and outer bands and vanes which are exposed to the hot 
gases of combustion flowing along the hot gas path through the turbine. For 
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example, air or steam or both air and steam may be passed through respective 
cavities to cool the bands and nozzles. 

The nozzle segments 10 are formed of a cast material, preferably a nickel 
alloy. It will be appreciated that thermal stresses in the nozzles can be 
minimized by reducing the thickness of the wall exposed to hot gases of 
combustion and the cooling medium flowing through cavities and this is 
particularly true with respect to the wall about the leading edge of the vane. 
It will be appreciated that tolerances and wall thickness controls become 
increasingly more difficult as the wall thicknesses of the castings are 
decreased, resulting in reduced casting yields. In accordance with a preferred 
embodiment of the present invention, improved casting yields, as well as 
reduced wall thickness, particularly between the outer surface of the leading 
edge and the interior wall surface of the leading edge cavity, can be 
accomplished by removing material from the inside surface of the cavity wall 
by a post-cast electrodischarge machining method. 

Particularly, and referring to Figures 1 and 2, and in a preferred form of the 
present invention, an electrode 28 (Figure 1), e.g., a thin rod, forming part of 
an electrodischarge machining apparatus is passed into a cavity of the vane 16 
between its opposite ends, e.g., through the inner and outer band sections 12 
and 14, respectively, and the leading edge cavity 18. Electrodischarge 
machining apparatus is per se conventional. In the present application of such 
apparatus, it will be appreciated that the thin electrode 28 is fixtured at 
opposite ends and is preferably robotically movable to follow a 
predetermined path along wall 31 of the cast cavity, for example, cavity 18. 
As illustrated in Figure 2, the wall 31 is cast and has a substantial thickness 
between its cast interior wall surface 30 and exterior wall surface 33 at the 
leading edge of the vane 16. The cast wall thickness is indicated by the 
distance between the outer wall surface 33 and the dashed line 30 in Figure 2. 
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To reduce the thickness of that wall the thin electrode 28 is passed through 
the cavity 18 and moved to transcribe a surface corresponding to the desired 
inner wall surface, indicated in Figure 2 by the full line 32, hence forming the 
desired wall thickness. As the thin electrode 28 is displaced along that 
desired path, the material of the inner wall of the cavity is cut and may be 
removed as a single piece, for example, the removed material piece 34 
illustrated in Figure 1. Thus, it will be appreciated that the thin electrode 28 
transcribes a path corresponding to the desired inner wall surface 32 thereby 
cutting along the wall 31 of the cavity 18, with the result that the desired 
thin-wall configuration is formed post-cast 

Referring to Figure 3, the path of movement of the electrode 28 along the wall 
31 is indicated by the datum points 36 and 38 in Figure 3, at the respective 
upper and lower ends of the vanes or external to the vanes. By passing the 
electrode sequentially through the datum points 36 and 38, the desired 
compound curved surface can be formed along the inside wall of the cavity. 
It will be appreciated that the electrode 28 extends linearly and maintains its 
linear extent as it is displaced along the cavity wall. 

It is known that heat transfer characteristics can be improved by using 
roughened surfaces, for example, between a cooling medium and a surface to 
be cooled. Consequently, it is desirable to roughen the resulting interior wall 
surface 32 of the cavity as the wall thickness is being reduced. To accomplish 
this, the thin electrode 28 may have a roughened surface 40, as illustrated in 
Figure 4. As the thin electrode is displaced along the predetermined path, the 
interior wall surface is roughened complementary to the roughened surface of 
the wire electrode for enhanced thermal effectiveness. 



Referring now to Figures 5, 6A and 6B, an EDM plunge cut process is used. 
Particularly, an electrode in the form of a profile, is used in lieu of a thin 
electrode. As illustrated in Figure 5, the profile 42 forms the electrode of the 
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EDM apparatus and extends through the cavity 18 similarly as the thin 
electrode 28. The profile 42 has a forward surface 44 which corresponds to 
the final desired interior wall surface of the inner cavity after the EDM 
process is complete. Thus, by inserting the profile 42 into the cavity 18, the 
forward surface 44 of the profile 42 is brought to bear against the existing cast 
interior wall surface 46 of the cavity 18 as illustrated in Figure 6A. By 
advancing the profile 42 toward the desired interior wall surface 
configuration 48, the final wall surface 48 may be formed. That is, by 
advancing the profile 42 as illustrated by the arrow in Figure 6B into 
engagement with the cast interior wall surface 46 and continuing to advance 
the profile 42, the material is cut away until the forward surface 44 of the 
profile 42 and the interior wall surface 48 are complementary to one another 
and in the appropriate location within the cavity defining the desired wall 
thickness. It will also be appreciated that the profile 42 may have a 
roughened surface 50 (Figure 5) similarly as the thin electrode such that the 
final interior wall surface 48 of the cavity may have a roughened surface 
complementary to the roughened surface of the profile for improved heat 
transfer. 

As a consequence of the disclosed methods, casting yields are vastly 
improved. Concurrently, the wall thickness can be controlled to close 
tolerances to reduce thermal stresses, as well as improve heat transfer. 

While the invention has been described in connection with what is presently 
considered to be the most practiced and preferred embodiment it is to be 
understood that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
claims. 
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4. Brief Description of Drawings 

FIGURE 1 is a perspective view of a nozzle segment illustrating an electrode 
of an electrodischarge machining apparatus in position for removing material 
from the interior cavity of a nozzle vane of me segment; 

FIGURE 2 is a fragmentary schematic illustration of the leading edge cavity of 
the vane illustrating the interior wall of the cavity before and after the 
machining process by the dashed and full-line positions, respectively; 

FIGURE 3 is a fragmentary plan view illustrating the outer band of the 
segment and the interior of the leading edge cavity of the vane with datum 
points illustrating the material to be removed; 



FIGURE 4 is an enlarged fragmentary cross-sectional view illustrating an 
electrode of an EDM apparatus for forming roughened surfaces along the 
interior wall of the cavity; 

FIGURE 5 is a view similar to Figure 1 illustrating an EDM process using an 
electrode in the form of a profile for plunge cutting the interior cavity wall; 
and 



FIGURES 6A and 6B are illustrations of a plunge cut using the profile before 
and after the cut respectively. 
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FIG. 2 
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1. Abstract 

A post-cast EDM process is used to remove material (34) from the interior 
surface of a nozzle vane cavity of a turbine. A thin electrode (28) is passed 
through the cavity (18) between opposite ends of the nozzle vane (16) and 
displaced along the interior nozzle wall to remove the material (34) along a 
predetermined path, thus reducing the thickness of the wall between the 
cavity and the external surface of the nozzle. In another form, an EDM 
process employing a profile (42) as an electrode is disposed in the cavity (18) 
and advanced against the wall to remove material from the wall until the final 
wall thickness is achieved, with the interior wall surface being 
complementary to the profile surface. 

2. Representative Drawing: Figure i 



